The tuberculin purified protein derivative (PPD) is a widely used diagnostic antigen for tuberculosis, however it is poorly defined. Most mycobacterial proteins are extensively denatured by the procedure employed in its preparation, which explains previous difficulties in identifying constituents from PPD to characterize their behaviour in B-and T-cell reactions. We here described a proteomics-based characterization of PPD from several different sources by LC-MS/MS, which combines the solute separation power of HPLC, with the detection power of a mass spectrometer. The technique is able to identify proteins from complex mixtures of peptide fragments. A total of 171 different proteins were identified among the four PPD samples (2 bovine PPD and 2 avium PPD) from Brazil and UK. The majority of the proteins were cytoplasmic (77.9%) and involved in intermediary metabolism and respiration (24.25%) but there was a preponderance of proteins involved in lipid metabolism. We identified a group of 21 proteins that are present in both bovine PPD but were not detected in avium PPD preparation. In addition, four proteins found in bovine PPD are absent in M. bovis BCG vaccine strain. This study provides a better understanding of the tuberculin PPD components leading to the identification of additional antigens useful as reagents for specific diagnosis of tuberculosis.
INTRODUCTION
Tuberculosis continues to be a worldwide problem for both humans and animals 1 These cross-reactions are generally attributed to the presence in PPD of antigens shared by other Mycobacterium species 8, 9 . PPD is prepared by heat sterilization of 6-week-old M. tuberculosis, M. bovis or M. avium grown in broth medium, followed by filter sterilization and protein concentration using ultrafiltration or ammonium sulphate precipitation 10, 11 . Considering the widespread use of this immunological reagent, it is surprising that little is known about the active components of PPD 11, 12 . Some proteins that are probably present in PPD preparations have been tested as diagnostic reagents. The recombinant proteins MPB59, MPB64, MPB70 and ESAT 6
were evaluated in a differential diagnostic test, but only ESAT 6 was shown to be suitable for differentiating BCG-vaccinated animals from those infected with bovine tuberculosis 13, 14 . Synthetic peptides derived from ESAT6, CFP-10, MPB64, MPB70 and MPB83 were tested alone or in combination, with limited success 15, 16 .
Mass Spectrometry (MS) represents an efficient tool to perform analysis due to its high mass accuracy, sensitivity, and ability to deal with complex mixtures. It is a method of choice for characterizing complex proteins In this work we used the LC-MS/MS which combines the solute separation power of HPLC with the detection power of a mass spectrometer, to characterize the proteins that are present in bovine and avium PPD preparations. Characterization of proteins from PPD preparations will be useful to identify additional antigens to be used in more specific and sensitive tests that could eventually be able to differentiate BCG vaccinated from infected individuals.
MATERIAL AND METHODS

PPD sample
Commercial bovine and avian PPD samples were obtained from the Instituto 
Sample digestion
The entire gel lane was cut into 20 slices. Gel slices were washed twice with 50% acetonitrile (ACN) in 25 mM ammonium bicarbonate for 15 min at room temperature (RT). The gel pieces were dehydrated by incubating them with 50 µL 100% ACN for 20 min at RT. Proteins were reduced using 10 mM dithiothreitol, and alkylated with 55 mM iodoacetamide (both in 25 mM.
ammonium bicarbonate). The gel pieces were dehydrated with ACN as described above, and rehydrated in 25 mM ammonium bicarbonate containing 0.01 mg/mL modified trypsin (Promega, Southampton, UK). 
LC-ESI-MS/MS
Samples were analysed by nano-LC-ESI-MS/MS using an Ultimate set at 1600 V and the curtain gas at 11 arbitary units.
Database Analysis
The peak lists of MS/MS spectra from all the gel slices for any given 
RESULTS
Identification of proteins in PPD samples using LC-MS/MS
Both bovine PPD and avium PPD samples were examined from two different sources: Brazil (PPDbov BR and PPDavi BR) and the UK (PPDbov UK and PPDavi UK). Proteins were initially separated by one-dimensional SDS-PAGE which showed a smear of mostly low molecular weight protein fragments 
Predicted location of PPD protein
The identified proteins were classified according to the M. tuberculosis annotation ( Table 1) . As can be seen, the predominant class are predicted cytoplasmic proteins, accounting for 77. 9%. Membrane or secreted proteins with different signal peptides (Tat, Sec and Non-Classical secretion)
accounted for only 22.4% of the proteins present ( Table 1 ). The most common protein class among the avium PPD was also cytoplasmic proteins. Twenty one proteins were classified as secreted. Of this, Rv0685, Rv1174c, Rv1411c, Rv1860, Rv1886c, Rv1980c are also found in bovine preparations.
Functional annotation of PPD proteins
The 
Most frequently detected PPD components
Although mass spectrometry is not an inherently quantitative tool, the abundance of a protein in a complex sample will be reflected in the frequency of peptides detected from that protein by mass spectrometry of that sample. 
DISCUSSION
PPD is an immunological reagent widely used for diagnosis of tuberculosis, but knowledge about the components of this heat-inactivated culture filtrate of mycobacteria is very limited 11, 12, [24] [25] [26] [27] . In this study a proteomic analysis of tuberculin purified protein derivative (PPD) samples used for diagnosis of animal tuberculosis in Brazil and UK was carried out in order to identify the proteins present in this immunological reagent.
BCG vaccination has limited use in bovine tuberculosis since it generates tuberculin positivity and thereby interferes with the skin test used to control TB in cattle 28 . Seibert et al. in 1926 and 1941 29,30 were the first to attempt to characterize PPD components but identification of specific antigens in the preparation was not attempted until 1974 by Kuwabara & Tsumita 31 .
Remarkably little has been done since that time to identify the components of PPD. Although whole-blood gamma interferon assays have been developed for diagnostic of bovine tuberculosis 32, 33 , and depending on the antigens used, these tests can effectively differentiate vaccinated from infected animals 13, 14, 16 A key aim of this work was to identify proteins that could be used to generate an immunological reagent that could be used to differentiate M.
bovis infection from infection with environmental mycobacteria, such as M.
avium. Twenty-one proteins were identified in both bovine PPD preparations, but not in avium preparations ( Antigens that are present in PPD yet absent in the BCG strain of M.
bovis are also of great interest, as their use could result in a test able to differentiate infected from vaccinated animals 41 . We detected four such antigens in bovine PPD but all of them (MPT64, CFP21, CFP10 and ESAT-6) have previously been investigated as antigens for development of diagnostic tests 13, 16, 42 capable of differentiating BCG-vaccinated animals from those infected with bovine tuberculosis [13] [14] [15] [16] . Although no novel BCG-absent antigens were detected in the current analysis the fact that the study did pick up nearly all the known M. bovis-specific antigens demonstrates the power of this approach. It is likely that further proteomics analysis will detect additional antigens in the PPD preparations that could possibly include unknown M.
bovis-specific antigens absent in BCG.
In conclusion, this study provides a proteomic analysis of the most important immunological reagent in TB control in animals and man: PPD. We identified several proteins in four different preparations, some of which may be potential targets for development of a more specific skin test capable of distinguishing between M. bovis infection and infection with environmental mycobacteria. We are currently evaluating selected recombinant antigens regarding their potential in skin tests for the diagnosis of tuberculosis. 
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